Introduction
The recent increment of SBRT treatment for lung tumors using hypofractionation protocols to small volumes tumor has generated the need for treatment techniques with high geometrical accuracy as well as with high accuracy in dose calculation. Dose calculation algorithms based on Pencil Beam (PB) are widely used, however, this algorithm reduces its accuracy when the size of the treatment beams decreases and there are inhomogeneities in the tissue due to the loss of lateral electronic equilibrium and because PB algorithm does not consider the secondary component of the radiation beam. Hence, it is necessary to use calculation algorithms that take into account these situations for SBRT lung treatment, such as Monte Carlo (MC). Objective: To compare experimental measurements on a CIRS thorax phantom with dose calculations based on PB and MC calculation algorithms for typical SBRT lung treatments.
Methods and Materials

Conclusions
The dosimetric comparison between dose calculation and ionization chamber measurements on a CIRS thorax phantom shows a dose difference of up to 9% using PB algorithm, whereas this difference is below 2% when MC algorithm is used. The dosimetric comparison with radiographic films shows that for lung tissue PB algorithm overestimates the dose and MC algorithm has a better agreement. This study shows that the dose distribution on a small tumor inside the lung tissue is better estimated using MC algorithm. The use of PB algorithm could have a negative clinical impact on lung SBRT treatments. Further studies are necessary regarding the use of MC dose to medium or dose to water, especially in bone tissue regions.
A 6MV beam generated by a Primus linear accelerator with an Optifocus 82-multileaf collimator was used (Siemens Medical Solutions). Dose calculations were made with iPlan v4.1.2 TPS (BrainLAB) using the PB and MC algorithms. Measurements were done using PTW30013 ionization chamber and EDR2 radiographic films (Kodak) on a CIRS IMRT thorax phantom. The measurements were made with the monitor unit (MU) calculated with the PB algorithm. The spatial resolutions used for PB and MC algorithms were 4mm and 2mm respectively. The variance used for MC algorithm was 1%. The ion chamber was placed in a tissue equivalent insert in two sites of the lung. Three treatment plans (1, 4, and 9 fields) were simulated for each localization (Figure 1 ), prescribing 2Gy to the center of the insert.
Results
The comparison between measured and calculated PDD and dose profiles using both algorithms are shown in Figure  3 . Table 1 shows the results of the comparisons between the calculated and measured dose with an ionization chamber for the two configurations studied. PB algorithm overestimates the dose up to 8.5%, while MC algorithm, dose to medium as well as dose to water, presents a maximum variation of 1.6%. Dose distributions obtained from the radiographic films for the 4 treatment plans can be observed in Figure 4 . Figure  5 shows dose subtraction and Figure 6 shows gamma analysis tolerance maps between measured and calculated plans with both algorithms, using an acceptance criterion of 3% dose difference and 3mm DTA. Films were used for dose distribution measurements on an axial plane. Three treatment plans were generated simulating a tumor in the tissue/lung interface region (Figure 2 ) with conformal fields. For the 9-field plan an IMRT treatment was also used. The films were scanned with a VIDAR Dosimetry Pro and analyzed using RIT v5.3. The comparison between measured and calculated dose was made using dose subtraction and gamma analysis with a dose difference tolerance of 3% and a distance to agreement (DTA) of 3mm. The calculated dose distributions were compared based on the dose volume histograms for each plan. The treatment volume fraction covered by the 95% of the prescribed dose was evaluated (V 1.9Gy ), as well as the conformity index (CI) was also analyzed. Above: dose subtraction maps; the red zones correspond to points with DD> 3% and the blue one with DD<3%. Below: gamma tolerance maps; the red zones correspond to points with g >1. Figure 7 shows a comparative analysis of dose profiles traced in the tumor area for Plan 1 where the dose differences can be more clearly observed. For PB the difference can be as large as 16% in the lung region. Figure 8 shows a comparative analysis of dose profiles traced in the tumor area for Plan 2, Plan 3 and Plan 4. For the second plan, an overestimation of the dose was obtained with PB algorithm whose maximum value is 11% in the lung region. As for the third and fourth plan, there was an overestimation of the dose calculated with PB algorithm of up to 15%. Table 3 shows the tumor volume fraction covered by 95% of the prescribed dose calculated with PB and MC algorithms (dose to medium and dose to water) and CI. The V 1.9Gy analysis shows that the treatment volume coverage is less with MC algorithm compared to with PB algorithm. The maximum difference for plan 3 and plan 4 was 28% and 40% respectively. This difference can be observed in the inhomogeneities region. The evaluation of the CI for plans 3 and 4 shows that apparently there is a better volume conformation of the prescribed isodose to the treatment volume using PB algorithm, and a decrease of up to 36% and 65%, respectively when MC algorithm is used. This is due to the overestimation of the dose by PB algorithm in the inhomogeneous region. The gamma analysis shows that there is a reduction of the absorbed dose in the regions corresponding to lung tissue, due to the loss of lateral electronic equilibrium. The dose reduction is well estimated with MC algorithm; while PB algorithm overestimates the dose absorbed in this tissue. The opposite effect is observed in the bone, where the PB algorithm underestimates the dose. The overall result of the gamma analysis is shown in Table 2 , where the percentage of pixels with gamma less than 1 is shown. 
